Data Preprocessing. EEG data was downsampled to 256 Hz and had DC offset 133 removed. EEG data was then highpass filtered above 0.1 Hz using a two-way, fourth-134 order Butterworth infinite impulse response filter. Any channel whose standard deviation 135 was ±2.5 standard deviations away from the mean standard deviation of all channels 136 was spherically interpolated (on average, 2 channels per participant). Independent 137 component analysis (ICA) was performed using the EEGLAB toolbox, and to remove 138 blink artifacts, ICA components most correlated with the difference between the 139 frontopolar and left inferior eye electrodes were removed.
140
For event-related potential (ERP) analyses and to detect trials with artifacts, 141 continuous EEG data was lowpass filtered below 30 Hz using a two-way, fourth-order 142
Butterworth infinite impulse response filter. Data was epoched around the onset of the 143 memory array using a pre-stimulus baseline of -500 ms to -400 ms. For scalp 144 topographic visualization, and to normalize electrode locations, electrode potentials 145
were swapped right to left across the midline as though stimuli were always presented 146 in the right visual hemifield, making left and right hemisphere channels contralateral and 147 ipsilateral to the stimulus, respectively. Lateralized potentials were analyzed in this 148
ipsilateral-contralateral fashion. Data Analysis. P1 amplitudes were calculated as the average amplitude in a 50-ms 160 window centered on participants' most positive local peak amplitude 80-180 ms after 161 stimulus onset. Peak alpha frequency (PAF), the frequency of maximum power between 162 7 and 14 Hz, varies in a trait-like manner (Grandy et al., 2013) and predicts visual 163 performance . To estimate PAF for each participant, we 164 constructed power spectral densities (PSDs) using Welch's method. In order to account 165 for individual differences in 1/f electrophysiological background, which changes with age 166 (Voytek et al., 2015a), we used robust linear regression to estimate and remove the 167 slope and offset of log-log space PSDs prior to identification of PAF.
168
Continuous, non-lowpass-filtered EEG data was bandpass filtered with a 4-Hz 169 passband centered on each participant's PAF. Filters were designed as two-way finite 170 impulse response filters with filter length equal to three cycles of the low cutoff 171 frequency. For each channel, bandpass-filtered time series were converted to z-scores 172 using the mean and standard deviation of artifact-free alpha-band data across all trials 173 and conditions. After normalization, the absolute value and angle of the Hilbert 174 transform of the continuous EEG data was used to extract alpha analytic amplitudes 175 and instantaneous phases, respectively. The phase time series yields cosine phase 176 values of (-π, π] radians, with π radians corresponding to the trough and zero radians to 177 the peak of the oscillation. This method yields results equivalent to sliding-window fast 178
Fourier transform and wavelet approaches (Bruns, 2004 ).
179
After epoching and removal of marked artifact trials, alpha analytic amplitude 180 time series were subjected to event-related analyses, including the subtraction of 181 baseline activity from -500 ms to -400 ms. To assess trial-to-trial phase consistency 182 (also called intertrial coherence, ITC), event-related phase time series were extracted, 183
and for each time point, the mean vector length of the timepoint's phase distribution was 184 calculated across trials (circ_r.m function in the CircStats toolbox (Berens, 2009) Parietal-occipital visual regions showed alpha amplitude and ITC response to 250 presentations of the alerting cue (Fig. 2b, 2c ). Alpha amplitude modulation in response 251
to the alerting cue (-350 to 0 ms) showed no effects of age (F 1,29 = 2.82, p = 0.10, η 2 = 252 0.074), hemisphere (F 1,29 < 1.0), or memory load (F 2,58 < 1.0). This lack of hemisphere 253 and memory load effect is consistent with the alerting cue being uninformative of the 254 lateral position or number of upcoming stimuli. 255
Compared to baseline (-500 to -350 ms), average alpha ITC increased in 256 response to the alerting cue in younger adults (Fig. 2c, [ These increases in ITC suggest the presence of stimulus-evoked alpha phase resets in 264 both younger and older adults. As with alpha amplitude, peak cue-evoked ITC did not 265
show an effect of hemisphere (F 1,29 < 1.0) or memory load (F 2,58 < 1.0), again consistent 266 with the noninformative nature of the alerting cue. However, younger adults had higher 267 peak cue-evoked ITC than did older adults (Fig. 3a, 3b, Memory Array Activity. Younger and older adults also showed alpha response to 287 presentation of the memory array. After memory array onset, alpha amplitude diverged 288 between hemispheres in younger and older adults (Fig. 2b) . Mean alpha amplitude (0 to 289 400 ms) showed main effects of memory load (Fig. 4a, 4b , 
297
As with alerting cue presentation, memory array presentation also caused alpha 298 phase resets (Fig. 2c) . 2009; Woodman and Vogel, 2008) . We observed sustained delay-period (300 to 900 318 ms) negativity in the hemisphere contralateral to the memory array (Fig. 5a ). This 319 negativity or CDA showed a main effect of memory load (Fig. 5b, F activity (CDA) increased in magnitude from load-one to load-two conditions, but did not 334 differ between younger and older adults (***p < 0.001; error bars, SEM) 335 336
Alpha Phase Activity Predicts Behavior. Given the age-related changes in neural 337 activity that we observed, we examined how these changes related to behavioral 338 performance. As noted, older adults performed as well as younger adults on the easiest 339 (load-one and load-two) trials, but performed worse for more difficult load-three trials. To 340 examine the neurophysiological basis for this aging effect, we focused our analyses on 341 measures of cue-evoked alpha ITC, array-evoked alpha amplitude modulation, and 342 delay-period CDA. Peak cue-evoked ITC was averaged across visual hemispheres, and 343 the differences in alpha lateralization and CDA between load-two and load-three 344 conditions were used. Importantly, these physiological measures were indexed during 345 times prior to the actual memory challenge and thus are related to trial-by-trial changes 346 in alertness, encoding, or memory maintenance, rather than memory retrieval or 347
response.
348
Across all participants, between-load differences in alpha lateralization were not 349
predictive Next, to examine the relative contribution of each neurophysiological measure to 360 behavioral accuracy, we modeled load-three d' as a linear combination of load-three 361 peak cue-evoked alpha ITC and the between-load differences in array-evoked alpha 362 lateralization and delay-period CDA. This model explained 18.5% of the variance in 363 accuracy (p = 0.036). Examining the relative contribution of each predictor, we found 364 that after accounting for between-load differences in alpha lateralization and CDA, peak 365 cue-evoked ITC remained predictive of load-three accuracy (p = 0.025). Between-load 366 differences in alpha lateralization and CDA, on the other hand, did not remain predictive 367 of load-three accuracy after accounting for other physiological measures (p = 0.70 and p 368 = 0.22, respectively). Thus, peak cue-evoked ITC prior to the presentation of to-be-369 remembered stimuli was a strong predictor of behavioral accuracy, even after adjusting 370 for array-related alpha amplitude and delay-period CDA effects.
371
To further investigate how cue-evoked alpha ITC is associated with behavioral 372 performance, we examined how alpha phase at peak ITC related to subsequent working 373 memory performance. To do so, we determined the timepoint of each participant's peak 374 cue-evoked ITC, and we pooled all participants' corresponding alpha phases at peak 375 cue-evoked ITC and RTs across trials. During load-three trials in younger adults, alpha 376 phase at peak cue-evoked ITC predicted RTs on a trial-by-trial basis ( Fig. 6b, blue ; N = 377 2499, r = 0.13, p < 10 -3 ). Alpha phase at peak cue-evoked ITC also predicted RTs in 378 older adults ( Fig. 6B, green ; N = 2090, r = 0.080, p = 0.0013). Specifically, in both 379 younger and older adults, longer response times were predicted by peak cue-evoked 380 ITC occurring at the peak of the alpha cycle. Thus, despite older adults' relatively 381 inconsistent cue-evoked phase response, prestimulus alpha phase was still predictive of 382 load-three RTs. However, the relationship between alpha phase at peak cue-evoked 383 ITC and RT was weaker in older than younger adults (z = 1.79, p = 0.036), indicating a 384 weaker prestimulus alpha phase effect among older adults. 385 386 In this study, we used a combined visual attention and working memory task to 396 investigate how age-related changes in alertness and spatial attention affect later 397 working memory performance. Using scalp EEG, we found that alpha activity showed 398 age-related alterations during the task, including in older adults' reduced alpha 399 amplitude lateralization during working memory maintenance. In addition, prior to 400 working memory encoding, older participants showed less consistent phase response to 401 a spatially noninformative alerting cue. The consistency of cue-evoked alpha phase 402 reset predicted working memory performance, as did prestimulus alpha phase prior to 403 memory array presentation. Our results provide evidence that alerting cue presentation 404 is accompanied by alpha activity modulation, that neural response to alerting cues is 405 altered during healthy aging, and that the degree of alteration could influence behavioral 406 outcomes.
407
Previous research has found that contralateral delay activity (CDA) is related to 408 reduced working memory performance in older frontal and basal ganglia lesion patient 409 populations . In this study, we observed 410 that between-load modulation of CDA predicted working memory performance, which is 411 consistent with previous findings (Vogel and Machizawa, 2004) . We observed no 412 difference in the amplitude or load-dependent modulation of CDA between younger and 413 older adults. A previous study has reported alterations in CDA modulation in older adults 414 (Sander et al., 2011 ), but differences between that study and our present study are 415 likely due to our study only presenting stimuli in one visual hemifield at a time. Thus, any 416 
